In this paper, we introduce the Local Volume TiNy Titans sample (LV-TNT), which is a part of a larger body of work on interacting dwarf galaxies: TNT (Stierwalt et al. 2015) . This LV-TNT sample consists of 10 dwarf galaxy pairs in the Local Universe (< 30 Mpc from Milky Way), which span mass ratios of M * ,1 /M * ,2 < 20, projected separations < 100 kpc, and pair member masses of log(M * /M ) < 9.9. All 10 LV-TNT pairs have resolved synthesis maps of their neutral hydrogen, are located in a range of environments and captured at various interaction stages. This enables us to do a comparative study of the diffuse gas in dwarf-dwarf interactions and disentangle the gas lost due to interactions with halos of massive galaxies, from the gas lost due to mutual interaction between the dwarfs. We find that the neutral gas is extended in the interacting pairs when compared to non-paired analogs, indicating that gas is tidally pre-processed. Additionally, we find that the environment can shape the HI distributions in the form of trailing tails and that the gas is not unbound and lost to the surroundings unless the dwarf pair is residing near a massive galaxy. We conclude that a nearby, massive host galaxy is what ultimately prevents the gas from being reaccreted. Dwarf-dwarf interactions thus represent an important part of the baryon cycle of low mass galaxies, enabling the "parking" of gas at large distances to serve as a continual gas supply channel until accretion by a more massive host.
INTRODUCTION
In the current ΛCDM paradigm interactions and mergers between galaxies in the Universe are thought to play an important role in their evolution. Interactions between massive galaxies have been studied extensively both observationally and theoretically. Through these studies, we know that the interactions induce morphological Contact e-mail: spearson@astro.columbia.edu changes (e.g. Toomre & Toomre 1972 , De Propris et al. 2007 , Ellison et al. 2010 , Casteels et al. 2014 , can trigger starbursts (e.g. Hernquist 1989 , Scudder et al. 2012 , Patton et al. 2013 , Davies et al. 2016 , gas inflows and also AGN activity (e.g. Sanders et al. 1988 , Ellison et al. 2011 , Silverman et al. 2011 , Satyapal et al. 2014 ).
type of galaxies at all redshifts, dwarf galaxies (Binggeli & Jerjen 1998; Karachentsev et al. 2013 ). Dwarf galaxies differ from their more massive counterparts, as their dark matter to baryonic matter fraction tends to be larger, they are much fainter (10-10 5 times fainter than Milky Way (MW) type galaxies) and they are inefficient at forming stars from their large gas reservoirs (e.g. Blanton et al. 2001 , Robertson & Kravtsov 2008 . It is therefore unclear whether the same processes observed in massive galaxies (e.g. their merger sequence and their displacement of gas with interaction) scale down to the dwarf regime. Since dwarf galaxies dominate the galaxy population of the Universe at all times, the interactions and mergers between them occur more frequently in a given volume than for massive galaxies (Fakhouri et al. 2010 , Deason et al. 2014 and they play a crucial role in the hierarchical build up of dark matter and stellar halos. Thus, studying their mutual interaction does not only shed light on the merger sequence of dwarfs, but their interactions also play a key role in how more massive galaxies are fed by accretion, as dwarf galaxies are often captured as pairs or groups (e.g. Wetzel et al. 2015) . Pre-processing of gas by tidal interactions prior to infall can drastically increase the efficiency of gas lost to the halos of the more massive galaxies (see e.g. Besla et al. 2010 , Salem et al. 2015 , hence understanding the baryon cycle in dwarf galaxy interactions provides insight into how the baryon cycle of more massive galaxies is acquired.
Recently, Stierwalt et al. (2015) carried out a systematic study of 104 dwarf galaxy pairs in a wide range of interaction stages and environments, selected from the Sloan Digital Sky Survey (the TiNY Titans Survey). The pairs in their sample all have projected separations < 50 kpc, velocity separations < 300 km s −1 and pair member masses between 7 < log(M * /M ) < 9.7. Interestingly, they find that the star formation rates of the dwarf galaxy pairs averaged over all pairs are enhanced with decreasing pair separation, which is also found for more massive galaxies (e.g. Patton et al. 2013) . However, when they investigated the gas fractions of their dwarf pairs using single-dish Arecibo Telescope and Green Bank Telescope data, only pairs within 200 kpc of a massive host galaxy showed signs of gas depletion, whereas the dwarf pairs farther than 200 kpc from a massive host had large atomic gas fractions ( f gas > 0.6, where f gas = 1.4M HI /(1.4M HI + M * )).
Similarly, Bradford et al. (2015) investigated the baryon content of low mass galaxies using single-dish Arecibo, Green Bank and remeasured ALFALFA data. They found that non-isolated low mass galaxies (in the vicinity of a massive host) had a higher scatter towards lower atomic gas fractions, when compared to isolated galaxies of similar masses 1 (see their Figure 4 ). Additionally, only non-isolated galaxies were gas-depleted as defined by a -1 dex deviation from the gas mass vs stellar mass fit to all data (Bradford et al. 2015 , Figure 5 ). Lastly, they found that no isolated low mass galaxies had gas fractions lower than f gas < 0.3, which sets an upper limit on the amount of gas that can be consumed by star formation or removed by outflows or tides.
The studies by Stierwalt et al. (2015) and Bradford et al. (2015) (see also Geha et al. 2006 , Geha et al. 2012 ) all indicate that environment plays a key role in quenching dwarf galaxies and dwarf galaxy pairs, and that dwarfs and dwarf pairs in an isolated environment have high atomic gas fractions. Recently, Davies et al. (2016) showed that the fraction of passive, non star forming galax-1 Although their median atomic gas fractions were very similar for nonisolated and isolated low mass galaxies ( f gas = 0.81 ± 0.13 and f gas = 0.82 ± 0.16, respectively).
ies is higher at all stellar masses for interacting pairs and groups of galaxies, than for galaxies in the field, which introduces an interesting question about the role of galaxy interactions in quenching at the low mass end.
However, a key issue is that the gas fractions estimated from single-dish data could also include gas that sits in the outskirts of the galaxies, which can have been removed by tidal forces, ram pressure stripping or blown out from star formation. To understand whether this gas is unbound and enriches the intergalactic medium (or circumgalactic medium of a host galaxy), if it falls back and refuels the star formation in the dwarfs or if it resides within the dwarfs themselves, we must resolve the diffuse component of the atomic gas. As the tidal structures can reach HI column densities as low as N(HI) ∼ 10 18 cm −2 (e.g. for the LMC: Putman et al. 2003) , mapping these structures at large distances, beyond the Local Volume, is difficult with existing instruments.
The Magellanic System (MS) is currently the best template for an ongoing nearby dwarf-dwarf interaction. Evidence for this interaction is most convincingly seen in the extended HI distribution; this includes a bridge of gas connecting the two galaxies and two streams of gas that span > 100 o of sky . Besla et al. (2012) showed the importance of tidally pre-processing the gas prior to infall in shaping the tail of the MS. This scenario was supported by Salem et al. (2015) as they showed that ram pressure stripping is not sufficient to explain the amount of gas in the MS. Furthermore, Salem et al. (2015) showed that the truncation in the LMC's HI disk due to its motion through the Milky Way halo, can be used to constrain the Milky Way's halo density. However, having more examples than the MS is crucial for establishing the stage at which ram pressure stripping becomes important for removing gas and the role of minor mergers of groups in feeding the circum galactic medium (CGM) of galaxies like the Milky Way.
Examples of Local Volume dwarf samples include Odewahn (1994) and Wilcots & Prescott (2004) . While Odewahn (1994) found that nearly all Magellanic Irregulars have nearby companions, Wilcots & Prescott (2004) showed that many of these companions might be chance projections. Additionally, the Wilcots & Prescott (2004) study of 13 Magellanic Irregulars found that the asymmetric morphology in the HI profiles of Magellanic Irregulars with gaseous companions did not seem to differ much from Magellanic Irregulars without gaseous companions. In this paper, we are selecting examples from the literature that are likely to be interacting, and therefore expect to find significant differences between our pairs and isolated analogs. In particular, we investigate the tidal and environmental effects on the diffuse gas in 10 Local Volume dwarf galaxy pairs with low relative velocities within 30 Mpc of the Milky Way.
This paper is a part of a larger body of work (the TiNy Titans Survey (TNT)) and represents the Local Volume TNT sample (LV-TNT). Here we quantify the HI morphologies, HI surface density profiles and the fraction of neutral gas that resides outside vs inside the dwarf galaxies to understand the gas removal process and baryon cycle in these systems. The 10 pairs represent a diverse sample of dwarf galaxy interactions, as they are located at different distances from massive galaxies and are captured in various interaction stages. The diversity of the sample enables us to ask: what is more important -environment or dwarf-dwarf interactions in removing gas to large radii? How much material can be removed in this way and does this material remain bound to the pairs?
The paper is structured as follows: In Section 2 we describe the selection process leading to our sample, and present the properties of 10 dwarf galaxy pairs. In Section 3, we show the results of our analyses of the diffuse gas from the 10 dwarf pairs. We discuss the results of our study in Section 4, and we conclude in Section 5.
DWARF PAIR SELECTION AND SAMPLE
In this Section, we present the sample of 10 Local Volume dwarf galaxy pairs (see Figure 1) . We describe the sample selection in Section 2.1, we describe how properties of the dwarf galaxies were estimated in Section 2.2 and we discuss each dwarf pair in detail in Appendix A.
Sample Selection
Our goal is to investigate the gas distributions around dwarf galaxy pairs. Therefore, we are only interested in Local Volume, interacting dwarf galaxies where the HI structure can be resolved to sufficiently explore the gas beyond the optical extents of the dwarfs. To enforce these criteria, we require that the projected separation, R sep , between each pair is < 100 kpc (in practice, only one of our targets has a R sep > 50 kpc (see Figure 2) ), the velocity separation, v sep , is < 300 km s −1 and that all pairs are within 30 Mpc of the Milky Way. The limits on R sep and v sep are similar to those in the TiNY Titans sample (Stierwalt et al. 2015) and to those known to identify interactions between more massive galaxies (e.g. Patton et al. 2013) . We set an upper stellar mass limit for each dwarf galaxy in our sample at M * < 10 10 M , and we require that the dwarf galaxy pairs must have HI maps with an outer column density limit of N(HI) < 7 × 10 19 atoms cm −2 . After applying these cuts to pairs found through an extensive literature search, we have 10 Local Volume dwarf galaxy pairs, which we present in Section 2 and list in Tables A1, A2 and A4. We preferentially selected pairs where evidence of interaction has been presented in the literature, and are therefore biased to systems that are connected by bridges and show signs of interaction through tidal features. This sample can be expanded in the future with further HI maps of existing and newly identified pairs. As the number of dwarf pairs in the Local Volume is observationally and theoretically uncertain, assessing the completeness of our sample is difficult. However, we stress that the goal of this study is not to present a comprehensive census of dwarf pairs in the Local Volume, rather we chose 10 targets that range in projected separation, velocity, mass ratio and environment to probe potential signatures of dwarf-dwarf interactions or environmental effects.
The resolved HI maps for each of our targets are shown in Figure 1 , and the details of the observations are listed in Table A4 . The mass ratios, relative line of sight velocities and pair separations of all pairs are shown in Figure 2 . These are all within the velocity separation used in the Stierwalt et al. (2015) sample, however we include one pair that is at a projected separation of ∼ 100 kpc, and four pairs that have stellar mass ratios 10 < (M 1 /M 2 ) * < 20 (the Stierwalt et al. (2015) limit is R sep < 50 kpc and (M 1 /M 2 ) * < 10).
Properties
Our main goals in this paper are to quantify the relative roles of environment and dwarf-dwarf interactions in removing gas to large radii (e.g. tidally or through ram pressure stripping), to understand how much material can be removed through these processes and determine whether this material remains bound to the pairs. We will do this through a systematic comparison of the HI content of 10 dwarf galaxy pairs utilizing the following terms:
-Stellar extent of galaxies: as we are interested in disentangling the atomic gas in the outskirts of the dwarf galaxies from the gas residing within the galaxies, we use the 2MASS Extended Source Catalog to define the stellar extent of each galaxy. The extent is derived from the K s -band scale length of each galaxy and is ∼ 4 × the K s -band scale length. An elliptical fit is made by extrapolating the radial surface brightness from the standard isophote.
2
These fits are all illustrated as red ellipses on the HI profiles of the dwarf galaxies in Figure 1 .
3 This extent is used as the inner stellar component of each dwarf, and permits a uniform definition of the sizes of the main body of each target dwarf galaxy.
-Distances: for each pair in our sample we use distances to the primary (most massive) dwarf from recent literature as listed in Table A1 . For three systems where there were no individual distance estimates (the ESO435-IG16 pair, the NGC 3448 pair and the UGC 9562 pair), we used the kinematic flow distance as listed in NED, which were corrected per Mould et al. (2000) , assuming H 0 = 73 km/s/Mpc. In our tables we show how various parameters scale with distance. For the LMC and SMC, precise distance measurements exist for both galaxies, hence we use these individually for the two dwarfs.
-Stellar masses: to determine the stellar masses of the dwarf galaxies, we used the K s -band magnitudes from the 2MASS Extended Source Catalog of each galaxy and the conversion from light to mass defined in Bell et al. (2003) as:
Both this and the definition of the stellar extent is biased towards older stars, but provide uniform values for our entire sample.
-Tidal indices, Θ: our target pairs are located in very different environments (some are close to a more massive tertiary galaxy, and some pairs do not have a more massive galaxy in their vicinity). In order to determine what environment our dwarf pairs reside in, we calculated the tidal index, Θ, used to quantify environment in the ANGST studies by Weisz et al. (2011) and defined in Karachentsev & Makarov (1998) as:
where M * is the stellar mass of the nearest massive galaxy and D project is the projected distance from the dwarf pair to the nearest massive galaxy. The nearest massive galaxy is referred to as the host galaxy. Here, D project is converted from an angular separation to a projected physical separation of the primary (most massive) dwarf in the dwarf pair to the host galaxy at the distance of the pair. We list all projected distances to the hosts in Table A3 . Thus, a higher Θ indicates a stronger influence from a nearby neighbor. We do not use velocity separations of the pair and host when calculating the tidal index.
In this work, we search for a nearby massive galaxy within the NASA Extragalactic Database (NED) and define a massive galaxy as any galaxy with M * > 10 10 M , and we require that the velocity separation between the massive galaxy and the pair is v sep < 500 km s −1 . If our pairs do not have a massive galaxy within D project 2 See http://www.ipac.caltech.edu/2mass/releases/allsky/ doc/sec4_5e.html for details. 3 For the 2 of our 20 galaxies that did not have 2MASS K s -band info (DDO137 and UGC 6016), we estimated the extent of the galaxies based on their r-band images. As the r-band traces younger stars, this might introduce a bias towards slightly larger radii.
< 1500 kpc with v sep < 500 km s −1 , we classify the dwarf pair as being isolated and do not calculate the tidal index (see Table A3 for details on the host galaxies). Geha et al. (2012) showed that dwarf galaxies in the field (D > 1.5 Mpc from a massive host) are not quenched, hence we apply this criteria for isolation. Similarly, studies for massive galaxy pairs (e.g. Patton et al. 2013 ) and for dwarf galaxy pairs (Stierwalt et al. 2015) also use this isolation criterion in addition to a velocity cut of v sep,host < 1000 km s −1 . As our sample is local, we use a stricter limit on v sep,host and our high tidal index pairs all have v sep,host < 300 km/s to their hosts (see Table  A3 ).
-Ram pressure stripping: hallmarks of ram pressure stripping are asymmetric extended structures (such as one sided trailing tails) and asymmetrically truncated disks (which is also seen for more massive galaxies as they fall into clusters, Chung et al. 2007 ). To assess whether the dwarfs in our sample are experiencing ram pressure, we investigate if the HI surface density profiles in the inferred direction of motion deviate from the other directions (e.g. if the disks appear truncated). To quantify whether ram pressure can explain the features we see in the HI maps, we investigate the surface density profiles (see below) and use the simplified version of the Gunn & Gott (1972) criterion as used by Vollmer et al. (2008) to investigate the halo densities necessary to explain any truncations:
where v rot is the rotational velocity of the galaxy, v gal is the motion of the galaxy through the halo of the host, Σ gas is the column density of the gas at the truncation radius, and R is the truncation radius.
-Surface density profiles: in order to investigate the variations in the HI distributions of pairs in various environments, we compute the radial surface density distributions of the neutral gas for all dwarfs using the MIRIAD ellint task. The task integrates the HI surface density maps in elliptical annulus, and we compute the average surface density in each annulus. To estimate how asymmetric the HI distributions are, we use various regions of the HI maps and integrate these separately (see Section 3).
-Dark matter masses from abundance matching: as we are interested in whether the pairs are bound to each other and whether the gas in the outskirts of the galaxies is bound to the pairs, we need an estimate of the total dark matter masses of our galaxies. For this purpose, we use the relation for abundance matching from Moster et al. (2013) using their Equation 2 and best fit values listed in their Table 1 at z = 0. We assume a WMAP7 ΛCDM cosmology with 0.272, 0.728, 0.046, 0.704, 0.967, 0.810) . Abundance matching assumes that the galaxy in question is isolated, which our galaxies are not. Furthermore, abundance matching is poorly calibrated for low mass galaxies (see e.g. GarrisonKimmel et al. 2014) . However, these estimates of the dark matter masses are only to be used as an approximation to the potential tidal fields of both the massive host and dwarf galaxies.
-Escape velocities: from the abundance matching we obtain an estimate of the total halo masses of our systems. That enables us to calculate the escape velocities from both the pairs (which can help quantify whether the gas in the outskirts of the pairs is bound) and from the primary, most massive dwarf (which enables us to estimate if the galaxies in the pair are bound to each other). We therefore adopt an NFW profile to the galaxies:
which enables us to calculate the escape velocity at a specific distance from the primary dwarf:
Here
is the scale length of the halo, where R 200 is defined as the radius at which the density is 200 times the critical density of the Universe, M 200 is calculated based on Eq. 2 in Moster et al. (2013) using the cosmological parameters listed above and defines the mass within R 200 , f (c) = ln(1 + c) − c/(c + 1) and the halo concentration, c, is defined from Eq. 4 in Neto et al. (2007) .
-HI bridges: bridges that connect two galaxies are strong indicators of an ongoing tidal interaction (e.g. Toomre & Toomre 1972 , Combes 1978 , Hibbard & Mihos 1995 , Barnes & Hernquist 1998 , Gao et al. 2003 , Besla et al. 2010 , Besla et al. 2012 . In this work, we define a bridge as being continuous in HI column density and having a velocity gradient that smoothly connects one galaxy to the next (e.g. as seen in the Magellanic System, Putman et al. (2003) ).
RESULTS
In this section we describe the results of our analyses of the diffuse gas in our LV-TNT sample. First we examine the observational differences between the neutral gas distributions of the dwarf galaxy pairs evolving in isolation and in the vicinity of massive hosts (see Section 3.1). In Section 3.2 we examine the global trends of gas removal for our entire sample.
Distribution of Neutral Gas as a Function of Environment
To understand how dwarf-dwarf interactions are affected by their environment, we first examine the influence of dwarf-dwarf encounters on the extended gas structure in Section 3.1.1 using isolated dwarf pairs. Subsequently, we search for observational evidence of environmental processing (ram pressure stripping) in the extended gas structure of the non-isolated dwarf pairs in Section 3.1.2 and 3.1.3. We investigate how these non-isolated dwarf pairs differ from dwarf pairs evolving in isolation, and we break down this analysis in terms of tidal indices. The tidal index is an estimate of the tidal influence of a massive host galaxy on the dwarf galaxy pairs. Here, we define isolated pairs as having Θ < 0, intermediate tidal index pairs as having 0 < Θ < 1.5 and high tidal index pairs as having Θ > 1.5 (see Table A3 for details on each massive host galaxy). We checked that the only pair potentially affected by the distance errors, which could move it to a lower tidal index group, was the NGC 4532 pair (see Appendix A3).
Dwarf pairs evolving in isolation
By investigating the dwarf pairs evolving in isolation, far from a massive host, we can understand how the interaction between the dwarfs affects the gas distributions. In Figure 3 (top row) we show the four pairs in our sample with Θ (2003) for Galactic coordinates of the LMC/SMC and see Figure 3 for deeper data of N4449 (here we show less deep data to include DDO125). For details on the HI observations and column densities: see Table A4 . 2010, Besla et al. 2012) . Interestingly, NGC 4449 and its companion DDO 125 have the largest separation of the isolated pairs, which could explain why a bridge is not present at this interaction stage. The bridges in the three other pairs are all continuous in HI column density and have smooth velocity gradients across the bridges. The surface density profiles of the first three primary isolated dwarfs (Figure 3 : lower row) flatten out towards the smaller companion (where dense bridge material is present). The existence of bridges in these isolated pairs implies that material is being removed from the lower mass companion due to the presence of the nearby dwarf (i.e. gas is being pre-processed) and that this process takes place without the aid of other environmental factors (such as a nearby massive host galaxy). While the NGC 4449 pair does not have a bridge, the HI map shows signs of interaction through its gaseous arm surrounding its stellar component (see Appendix A10 for more details).
Thus, based on our limited sample dwarf-dwarf interactions alone do not seem to create asymmetric extended tails or obvious truncation of the gaseous disks, but tidal pre-processing appears to be taking place.
Intermediate tidal index pairs
The dwarfs evolving in the vicinity of massive host galaxies can give insight to how the environmental effects will influence the dwarf pair interactions. We therefore search for evidence of asymmetries indicating ram pressure stripping (such as truncated HI disks and one sided trailing tails) in the non-isolated pairs.
In Figure 4 we show the HI maps of the 3 pairs in our sample with 0 < Θ < 1. . However, it is unclear from the velocity gradient in the WHISP maps, whether the gas connecting the two galaxies is a bridge or just a projection effect of overlapping HI profiles, as there is only a vague indication of a smooth gradient ).
For NGC 4490 & NGC 4485 a very extended, low density envelope surrounds the pair. Given the symmetric nature of the envelope it is unlikely that it is present due to ram pressure stripping. The dense bridge connecting the two dwarfs indicates an ongoing tidal interaction, which could explain the extended envelope (see red, solid line Figure 4 ). We do not see envelopes in the other isolated and intermediate tidal index pairs, but those have larger pair separations. Thus, it is not surprising to find the strongest tidal signatures for the NGC 4490 pair, as the dwarfs in this pair are located very close to each other.
In contrast to the other pairs, the ESO435-IG16 pair does not have a bridge connecting the two galaxies, however there is extended material from the primary in the direction of the secondary and from the secondary in the direction of the primary, which suggests a tidal interaction between the two galaxies. The ESO435-IG16 pair is a widely separated system (∼ 100 kpc), so it is possible that a dense bridge existed at some point, but now has too low of a column density (since stretched over such a large distance). The surface density profiles in region 2 and 4 of ESO435-IG16 deviate from the other two directions (they drop to lower column densities at smaller radii), which could indicate a truncation in this direction (this is the same direction as the galaxy NGC 3056, which is ∼ 220 kpc away). However, as the pair is located > 2 × R 200 (the radius at which the density of the host is 200 × the critical density of the Universe) of NGC 3056, it is unlikely that ESO435-IG16 is truncated due to ram pressure stripping (see Section 4.2 for an analysis of this).
Hence, the three pairs with 0 < Θ < 1.5, do not appear to be affected by the closest massive host galaxy and resemble the pairs evolving in isolation, i.e. that significant gas evolution is seen in the formation of bridges and extended envelopes, but there are no large scale asymmetries.
High tidal index dwarf pairs
The dwarf galaxy pairs that have tidal indices, Θ > 1.5, indicating that they are not isolated from the influence of a massive neighbor are LMC & SMC, IC 2058 & PGC 75125, NGC4352 & DDO137 (see Figure 5 ). These are the most likely pairs to be affected by ram pressure stripping and tides from the hosts in our sample.
In Figure 5 we show the HI maps of the three pairs with Θ > 1.5 (see Table A3 for details on each massive host galaxy). These pairs are all within R 200 of their hosts. The red arrows illustrate the inferred direction of motion of the dwarf pairs (in the case of the LMC we know this from HST proper motion observations (Kallivayalil et al. 2009 ), and for the other two pairs, we assume that the dwarfs are moving towards their host galaxy).
From Figure 5 (top row) it is evident that the morphologies of the HI distributions all show asymmetries and have material stripped preferentially in the opposite direction of the inferred direction of motion. The LMC and NGC 4352 systems in particular have diffuse tails that extend in the opposite direction of their direction of motion (inferred direction for the NGC 4532 pair). For the LMC pair the diffuse tail is detectable at column densities > 7 × 10 19 atoms cm −2 , where the diffuse tail is only detected at column densities < 7 × 10 18 atoms cm −2 for the NGC 4532 pair. If the dwarf galaxy pairs are in fact moving through the halo material of the more massive host galaxies (as we know is the case for the LMC & SMC) this extended material has the shape that we would expect from ram pressure stripping (trailing material), which is also observed for the HI distributions of massive spiral galaxies as they fall into clusters (e.g. Chung et al. 2007 ). For the LMC & SMC, Putman et al. (1998) found a low surface density leading neutral gas component to the Magellanic Stream indicating that the tidal forces along with ram pressure stripping is shaping the MS. Whether leading tidal streams are also present in our other high tidal index pairs is not clear from the level of sensitivity of these HI maps.
In Figure 5 (bottom row) we demonstrate how the average HI surface density profiles of the primary dwarf galaxies vary in different directions (see numerated regions centred on the 2MASS ellipses of each primary dwarf galaxy). Interestingly, the surface density profiles all flatten out in the direction towards the smaller companion dwarf where a bridge is present (solid lines). This was also seen for the isolated and intermediate tidal index pairs.
The HI surface density profiles all show a feature similar to a truncation in the inferred direction of motion. This could indicate that ram pressure stripping of the dwarf pairs by halo material from the host might be occurring. While the HI distributions could be extended and asymmetric due to mutual interactions between the pairs alone, truncated HI disks are difficult to explain without ongoing ram pressure stripping, and we explore the possibility of ram pressure stripping in Section 4.2. Interestingly, no features of truncated disks were found in the isolated or intermediate tidal index pairs.
Lastly, the surface densities in the direction opposite of the inferred direction of motion are extended (we see trailing material).
In IC 2058 this is difficult to assess due to the coincident location of the secondary dwarf galaxy and the high inclination of IC 2058.
Thus, there are asymmetries in the HI distributions surrounding the dwarf pairs in our sample that are near massive host galaxies. Mutual tidal interaction between the dwarfs might have removed the majority of the HI gas and formed bridges in all examples, but the deviation (drop to lower column densities at smaller radii) in the HI surface density profiles in the direction of the host galaxy and the lack of detectable leading streams, indicate that rampressure stripping could play an important role in shaping the systems, which was not the case for the isolated and intermediate tidal index dwarf pairs.
Global Trends: HI Extent and Gas Mass
To better understand the global gas removal processes and to quantify the features we found in the previous sections, we here investigate the amount of gas outside each pair, and its extent compared to non-paired analogs.
Quantifying the amount of gas outside the dwarf pairs
In Figure 6 we show the amount of gas residing outside the 2MASS ellipses of our dwarf galaxies in each pair compared to the total amount of gas in the dwarf pair system (the data points are named by the primary dwarf in each pair, but represent the amount of gas outside both pair members). In addition to making a uniform definition of the inner vs outer part of the galaxy for all dwarfs (the Figure 4. Top row: HI contours (blue) of the dwarf pairs in our sample that have 0 < Θ < 1.5. The 2MASS extents of the dwarfs are shown in red ellipses and the location of the massive host is illustrated by red arrows along with the projected distance to the host in kpc. The numerated boxes indicate regions of the primary dwarf for which we compute HI surface density profiles (see below). Bottom row: HI surface density profiles vs radial distance from the 2MASS ellipse centre in different directions (see numerated boxes) for each primary (most massive) dwarf galaxy in each pair. Solid lines indicate the direction of the bridge connecting the primary to the smaller companion. Due to the high inclination of the NGC 4490 system (left), we plotted the surface density using only two regions, and plot the density in the bridge separately (see zoomed box and red solid line). The surface density profiles show a flattening towards the smaller companion, however their HI distributions do not show indications of material stripped by ram pressure (no rapid drops to lower column densities in the HI profiles in the direction of the massive hosts, as compared to towards the other directions and no asymmetric trailing features in the envelopes nor surface density profiles).
2MASS ellipses), we also define a uniform column density cut to each data set (N(HI) = 7 × 10 19 atoms cm −2 ) to enable a systematic comparison between all pairs.
We find that the two highest tidal index pairs (LMC & SMC and IC 2058 & PGC 75125) , which have twice the tidal index value of the other dense environment dwarf pairs and are the two closest to their hosts, have low neutral gas mass fraction of outer vs total gas. The other dwarf galaxy pair that showed signs of ram pressure (the NGC 4532 pair) has a large amount of gas in its outskirts compared to the total system, which is also the case for the more isolated galaxies. The NGC 4532 pair is farther away from its host than LMC/SMC and its host galaxy is less massive than the Milky Way, as such, it is possible that most of the gas removed from the LMC and IC 2058 pairs is in an ionized state, whereas the gas associated with NGC 4532 is neutral. Interestingly, if we were to add the amount of ionized gas found in the MS (Fox et al. 2014 ) to the total amount of gas in the MS (ignoring the uniform cut in column density for the ionized gas), the outer/total gas of the LMC would be ∼ 0.76 (see star in Figure 6 ), which is very similar to the NGC 4532 pair (which has outer/total = 0.74). This supports the idea that the HI in the NGC 4532 tail has not yet been ionized (see HST-COS result presented in Appendix A3).
While the majority of the isolated and intermediate tidal index pairs have gas mass fractions of their outer vs total neutral gas > 50%, the NGC 4490 & NGC 4485 pair has a low amount of outer to total gas despite the large diffuse envelope surrounding the pair. Due to the small separation between the two dwarf galaxies, it is important to note that the bridge material connecting them is included within the 2MASS ellipses of the dwarfs leading to a higher amount of inner neutral gas in our estimates. As mentioned earlier the envelope is of low column density and the amount of mass in it is not substantial compared the amount of neutral gas residing in the dwarf galaxies (∼ 30% of the neutral gas is in the envelope). This could indicate that the tidal interaction between the two galaxies did not actually remove a substantial amount of gas, that the gas has been tidally removed but has started to fall back in, or that a substantial amount of the removed gas has been ionized. To differ- Figure 5 . Top row: HI contours (blue) of the four dwarf pairs in our sample that have Θ > 1.5 indicated by the name of the primary dwarf. The 2MASS extents of all dwarfs are shown in red ellipses, and the assumed direction of motion (true for the LMC/SMC motion) through the halo of the massive host is illustrated by red arrows along with the projected distance to the host in kpc. The numerated boxes indicate regions of the primary dwarf for which we compute HI surface density profiles (see below). Bottom row: HI surface density profiles of the primary dwarfs (the most massive dwarf in pair) vs radial distance from the 2MASS ellipse centre in four different directions (see numerated boxes) for each primary dwarf galaxy in each pair. Solid lines indicate the direction of the bridge connecting the primary to the smaller companion. All profiles except for NGC 4449 show a flattening towards the smaller companion (due to the higher densities in the bridges), all profiles show rapid drops in column density in the direction towards the massive host galaxy and all profiles are extended in the opposite direction of the host (due to trailing tails, except for IC 2058 for which the companion is located in this direction making it difficult to disentangle the effect of the companion vs trailing material).
entiate between these processes, detailed modeling of the dynamics and gas physics is necessary (Pearson et al., in prep) .
The extent of the neutral gas compared to non-paired analogs
As a control sample, we use the late type dwarf irregulars from the Swaters et al. (2002) sample (hereafter S02). This sample consists of 73 galaxies that were selected from the Uppsala General Catalogue of Galaxies, requiring absolute magnitudes fainter than M B = 17, which had HI flux densities larger than 200 mJy and galactic latitudes > 10 o . These 73 galaxies were not selected based on any environmental criteria, hence some of them could be close to massive host galaxies. Additionally, a small fraction of the dwarfs in the S02 sample are in dwarf pairs (e.g. IC 1727 and NGC 4449 which are also in our sample). To understand how the HI extents of our dwarf irregulars are affected by their mutual interaction, we investigate how they compare globally to the S02 sample. Figure 7 shows the DHI extent (defined as the diameter at which N(HI) = 1.2 ×10 20 atoms cm −2 ) of our galaxies vs their stellar extents (defined as the extent from the 2MASS extended source catalog). These values are also listed in Table A2 . Primary dwarf galaxies are marked by circles and secondary dwarf galaxies are marked by stars. The secondary dwarfs, DOO 125 and PGC 75125 were not included in this plot as DDO 125 is at the edge of the HI map and PGC 75125 is much smaller than the beam size (see Figure 1) , which in both cases makes an assessment of the surface density profiles difficult. We note that due to the presence of the dense bridges, azimuthally smoothing of surface density profiles would lead to an overestimation of the DHI extent. Hence, here we use the DHI from the surface density profiles yielding the maximum extent DHI that is not in the direction of the bridge. If no apparent bridge is present, we use the azimuthally smoothed surface density profiles (i.e. for NGC 4449 and the ESO pair). For highly inclined systems (NGC 3448, UGC 6016, NGC 672, IC 1727 and IC 2058), we use the major axes for which bridge material is not present.
Of the 73 dwarf irregular galaxies in the S02 sample, 22 of them have stellar extents defined in the 2MASS extended source catalog, which enables us to compare them to our data. Of these 22 galaxies, two of them are in our dwarf pair sample (IC 1727 and NGC 4449). The dashed line in Figure 7 is the HI diameter vs the 2MASS stellar extent fit for the 20 non-paired dwarf galaxies in the S02 sample that have defined 2MASS stellar extents. The log(2MASS extent) and the log(DHI extent) in the 20 non-paired Figure 6 . Fraction of neutral gas outside the 2MASS extents of all dwarf pairs to their total HI mass for each pair system, colour coded by their environment (tidal index, Θ). The data points are labeled based on the name of the primary dwarf in the pairs. A uniform column density cut of N(HI) = 7 × 10 19 atoms cm −2 was made on all maps to ensure a systematic comparison. The two pairs close to a massive host (light blue) have a small fraction of gas residing outside their stellar disks. The star indicates the fraction of HI and ionized gas (Fox et al. 2014 ) outside the 2MASS extent of the LMC/SMC pair to the total HI gas in the pair and the ionized gas outside the pair.
dwarf galaxies range from 1.5 -2.7 [arcsec] and 2.1 -3.1 [arcsec] respectively. Instead of extrapolating the fit from the 20 non-paired dwarf galaxies to LMC/SMC angular scales of ∼ 30000 arcsec, we plot the LMC/SMC 2MASS vs HI extents scaled to a distance of 11 Mpc. The errors on the HI extents are not published for the S02 sample nor for the 2MASS extents for the dwarfs. Our HI extent estimates only differ from those in the S02 sample by having nonuniform beam sizes (see Table A4 ), while the S02 beam sizes are all 60". Our HI extents could therefore be over-estimated from the emission not filling the entire beam, and we include this potential overestimate as errorbars on Figure 7 . We do not include the equivalent for the S02 sample, but this would also cause the dashed line to have an uncertainty downward. Only three of our pairs have beam sizes larger than S02. We find that the majority of our paired dwarf galaxies fall above the S02 fit (see Figure 7) and thus have more extended dense HI disks compared to their stellar extents than their non-paired counterparts. This is true even without having accounted for the HI bridge, which would only increase the DHI value. While extended HI disks are common for dwarf irregular galaxies (seen in large scatter found by S02), the fact that the majority of our dwarf galaxies systematically fall above the fit, suggests that tidal interactions between dwarfs moves gas to the outskirts of the galaxies. Hence, even the high column density neutral gas in these systems is "loosened up" (pre-processed) from tidal interactions, which might affect the efficiency of gas lost to the CGM of more massive galaxies if captured (see e.g. Besla et al. 2012 , Salem et al. 2015 .
Interestingly, the LMC and SMC fall below the S02 fit, indicating that their gas disks have been truncated and that gas has been pushed to the central regions. As the LMC and SMC pair is the one closest to a massive galaxy in our sample, this provides interesting insight to the importance of pre-processing and how dwarf galaxy pairs eventually feed the massive galaxies they are falling into. Additionally, UGC 9560 (the star with the smallest 2MASS extent) Figure 7 . The HI extent of all the dwarf galaxies at N(HI) = 1.2 × 10 20 atoms cm −2 plotted vs the 2MASS extent of all the dwarf galaxies in our sample colour coded by environment (tidal index, Θ). The circles represent the primary dwarf galaxies and the stars represent the secondary dwarf galaxies. The dashed line shows the HI diameter vs the 2MASS stellar extent fit for the 20 non-paired dwarf galaxies in the Swaters et al. (2002) sample that have defined 2MASS stellar extents. To avoid extrapolating the Swaters et al. (2002) fit, the LMC/SMC have been scaled to a distance of 11 Mpc. The error bars indicate the the range of HI extents possible due to potential beam dilution. We find that most of our dwarfs fall above the fit indicating that the high column density gas is tidally extended. falls slightly below the fit, however the beam is larger than the inferred DHI, which could be affecting our accuracy in determining the HI extent. Higher resolution data would help resolve this.
None of the S02 dwarf irregulars show extended, one sided, trailing features to a depth of ∼ 7 ×10 19 atoms cm −2 (which are seen in the LMC/SMC and NGC 4532/DDO137 pairs), even though the S02 sample was not selected based on any environmental criteria. This further strengthens the argument that pre-processing via dwarf-dwarf tidal interactions are key in removal of gas to the outskirts, and that environmental processes can subsequently shape this extended material, causing truncations and dominant trailing streams.
DISCUSSION
In the previous section, we found that gas was moved to the outskirts of dwarf galaxies in tidal interactions (see Figure 6 and 7) and through environmental effects (as seen in the extended tails present in the high tidal index pairs presented in Figure 5 ). Motivated by these results, we explore in Section 4.1 whether this gas is unbound and fully removed from our dwarf pairs. Since ram pressure appears to play an important role in moving gas to the trailing tails in our high tidal index pairs, we investigate the host halo densities needed to produce these ram pressure signatures in Section 4.2. Independent of the environment, the majority of the dwarf pairs have dense bridges connecting the individual galaxies. In Section 4.3 we therefore discuss the properties and formation mechanisms of these bridges. In Section 4.4 we explore the star formation rates in our sample, as outflows from star formation is a different channel of moving gas to the outskirts of galaxies.
Is the Gas Unbound in the Interactions?
The mechanisms responsible for the morphological transitions of galaxies (e.g. the formation of dwarfs spheroidal galaxies) is still an open question. Grcevich & Putman (2009) found evidence that ram pressure stripping is responsible for the transition of Local Group dwarf galaxies from gas rich to gas poor systems. Others argue that dwarf spheroidals can be produced in mergers between disky dwarf galaxies (e.g. Ebrová & Łokas 2015 , Kazantzidis et al. 2011 . Additionally, it has been suggested that the origin of a large amount of metals in the IGM (Danforth & Shull 2008) could be due to outflows from the shallower potential wells of dwarf galaxies (e.g. Schwartz & Martin 2004 , Martin 2005 , Tolstoy et al. 2009 ). It is uncertain whether mutual tidal interactions between dwarfs can serve as a mechanism for gas removal (although the existence of actively star-forming dwarfs in the field (Geha et al. 2012) suggests this is unlikely to remove all gas from the dwarfs). Removing gas through dwarf-dwarf interactions would be a different channel of transforming from gas rich dwarf irregulars to gas poor systems (e.g. dwarf spheroidals) and simultaneously feed the IGM with baryons. For more massive galaxies, Barnes (2016) recently showed that the extended tails formed in tidal interactions remain bound to the merging galaxies. Using numerical simulations, Bekki (2008) showed that dwarf-dwarf merging can trigger central starbursts and transform the merging dwarfs into blue compact dwarfs (BCDs). While the starburst will consume some of the gas, the newly formed BCDs were surrounded by massive extended HI envelopes, indicating that a substantial amount of HI mass remains bound and is not lost to the IGM in dwarf interactions.
To explore the question of whether dwarf-dwarf interactions prior to final coalescence can facilitate the morphological transformation of gas rich irregular galaxies to gas poor dwarf spheroidals and whether their interactions feed baryons to the IGM, we utilize available velocity maps to assess whether the extended gas distributions surrounding our dwarf pairs are in fact bound to the primary dwarf galaxy. In particular, we adopted an NFW profile (see Eq. 4) for the primary dwarf in each pair and calculated the escape velocity (see Eq. 5) at the radius of the extent of the HI profile (hence this is limited to the sensitivity of the data). We subsequently compared the escape velocity from each primary at this radius to the average velocity maps of each galaxy after subtracting the systemic velocities of the galaxy of interest (see values in Table A5) 4 . For all pairs, except for the LMC and NGC 4532 pairs, we found that the escape velocity from the primary was larger than the gas velocity at the edge of the HI distribution (see Figure 8 ) 5 . The LMC and NGC 4532 pairs are the only two systems with extended tails in the vicinity of a massive host. The escape velocities at the edges of each HI profile for all other pairs ranged from 204-249 km s −1 , where the velocity of the gas after subtracting the systemic velocities ranged from: 20-150 km s −1 (see Figure 8 ). Most pairs have gas velocities which are 100 km s −1 lower than the escape velocity. Hence, from this simple estimate the gas appears to remain bound to the dwarfs despite their tidal interactions, indicating that the gas in the outskirts will eventually fall back to the pairs and continue to fuel star formation.
For the LMC/SMC pair, which has a long trailing stream, we Figure 8 . The gas velocity at the edges of the HI envelopes/profiles (estimated from velocity channel maps after subtracting the systemic velocity of the galaxy of interest) vs the escape velocity (see Eq. 5) of the gas at this distance, calculated by adopting an NFW profile (see Eq. 4) for the primary dwarf in each pair. For all pairs except for the LMC pair and NGC 4532 pair, the extended gas remains bound to the dwarfs.
estimated the escape velocity in the stream at a distance of 150 kpc from the LMC, though it has been found to extend to larger distances (e.g., Nidever et al. 2010) . The velocity of the gas in the stream at this distance is 326 km s −1 after subtracting the systemic (GSR) velocity of the LMC (Nidever et al. 2010) . Similarly, the escape velocity from the LMC at this distance is v esc = 123 km s −1 . The velocity limit of 123 km/s encompasses most of the HI mass (see Putman et al. 2012 , Figure 2 ), but the extended ionized component of the stream extends well beyond this and is most likely unbound. For comparison, the escape velocity from the MW (assuming a total mass of 2 ×10 12 and adopting an NFW profile) at a distance of 100 kpc is v esc ∼ 432 km s −1 , hence the strength of the MW potential is much stronger than the strength of the LMC potential at the edges of the trailing stream.
Similarly, the NGC 4532/DDO137 pair has a long trailing tail stretching 500 kpc away from the pair . The majority of the mass of the system is within 150 kpc, so in consistency with the LMC calculation above we estimate the escape velocity at 150 kpc from NGC 4532. We found that v esc = 155 km s −1 . The velocity of the gas in the stream at this distance after subtracting the systemic velocity of NGC 4532 is 242 km s −1 . Hence, the material at this distance and out to the edge of the stream (at ∼ 500 kpc) is not bound to NGC 4532. To compare this to the tidal field from the host, NGC 4570, we computed the escape velocity from NGC 4570 (where we estimate the mass from abundance matching, and adopt an NFW profile) at a distance of 392 kpc from the host (as the pair is already 242 kpc away and the stream material is 150 kpc further). We found that v esc ∼ 340 km s −1 . Hence, the strength of the host potential is much stronger than the strength of the NGC 4532 potential in the trailing stream, as the case for the LMC pair.
Although, this is a simple way of estimating the relative tidal influences on the trailing streams, we can conclude that the trailing streams for the LMC and NGC 4532 are likely unbound from the dwarfs and are most likely bound to their massive host galaxies. This provides an interesting insight into how gas is truly removed from these systems, as the gas in all isolated and intermediate tidal index pairs appears to remain bound in the mutual interaction between the dwarfs in the pairs. Dwarf-dwarf interactions seem to be an efficient way to "park" HI gas at large distances, providing a continuous source of fuel for star formation. However, it requires external environmental forces to ultimately cut off this gas supply channel and quench low mass galaxies (supporting the findings of Stierwalt et al. 2015) , and the tidal interactions alone will not transform gas rich dwarf irregulars into gas poor systems, nor feed the IGM with significant baryons. In the future, it will be interesting to take deeper HI observations of IC 2058 and other dwarf pairs as a further test.
Exploring the Effects of the CGM of the Host Galaxies
Since we think ram pressure could be important for the gas removal process (see Section 3.1.3 and 4.1), we explore the influence from ram pressure further in this section. In particular, we make order of magnitude estimates of the required CGM densities of the host galaxies for ram pressure to explain the asymmetries in the HI profiles other than the bridges.
The COS-Halos Survey , Werk et al. 2014 found that more massive galaxies (logM * /M < 11.5) have halo gas within 160 kpc, which was the limiting distance from their central galaxies. Similarly, Bordoloi et al. (2014) found that a substantial amount of carbon is located > 100 kpc away from galaxies of masses 9.5 < logM * /M < 10, and Liang & Chen (2014) found CIV enriched halos out to ∼ 160 kpc for galaxies of similar masses. Whether or not this CGM extends further from the centres of these galaxies is yet to be determined, however, theoretical work predicts that the CGM extends out to virial radius of galaxies (e.g. Joung et al. 2012 , Hummels et al. 2013 , Fumagalli et al. 2014 .
One way to quantify the importance of ram pressure stripping is to use the Gunn & Gott (1972) relation. Salem et al. (2015) demonstrated that they could probe the density of the halo material of the Milky Way using the Gunn & Gott (1972) relation and by assuming that the one-sided truncation of the LMC HI disk was due to ram pressure by the Milky Way's halo. They found that the Milky Way halo density is 1.1 ± 0.44 × 10 −4 cm −3 at the pericenter passage of the LMC (R = 48.2 ± 5 kpc). Interestingly, the high sensitivity data of the SMC shows large variations in column densities in the four different regions (see Figure 9) , and we can examine the ram pressure effect on the SMC from this. In region 3 the surface density profile deviates from the other directions at a column density of ∼ 10 19 atoms cm −2 at a radius of R = 4.2 kpc (see Figure  9 ). If we define R = 4.2 kpc as the truncation radius of the SMC based on the deviation in column densities at this radius, we can do an estimate of the halo density needed to produce this truncation radius using Eq. 3. Using the 3D velocity of the SMC (Kallivayalil et al. 2013), we obtain a halo density of the MW of ∼ 6 ×10 −5 cm −3 (see Table A6 ) at the distance of the SMC (61 kpc). This is somewhat lower than the Salem et al. (2015) , but reasonable for the Milky Way halo, especially given the potential partial shielding by the LMC.
To estimate the required host halo densities to produce truncation features in all Θ > 0 primaries, we use the same procedure as for the SMC outlined above. We list the values used for our simplified Gunn & Gott relation in Table A6 . For the HI surface density profiles that do not show rapid drops in column densities in the inferred direction of motion, we use the extent of the data as the truncation radius.
We first used the relative velocities of the pair to the hosts to get an upper limit on the CGM densities (as we here ignore any tangential motion and therefore underestimate the velocities). Note that we use the 3D velocities of the LMC and SMC (Kallivayalil et al. 2013) , which are higher than the line of sight ∆v for these galaxies (∆v LMC = 278 km s −1 and ∆v S MC = 158 km s −1 ). Using line of sight ∆v for the LMC and SMC instead of the 3D velocities would yield slightly higher CGM densities, as the required CGM density scales inversely with velocity.
Secondly, to estimate a lower limit on the CGM densities we assumed that the largest velocity they could move through the halos of the host galaxies would be the escape velocity from their host (although they could in principle be moving faster). For all Θ > 0 pairs except for NGC 4490 this velocity was higher than the relative velocity of the pair and hosts. The values used and the results of the calculations of upper and lower limit on the CGM densities required for the halos are listed in Table A6 .
Using the relative velocity of the host and pair for all Θ > 0 primary dwarfs, we find that the ρ CGM of their hosts need to be 3 × 10 −4 -2 × 10 −5 cm −3 at their current locations to explain the deviations in their profiles from a truncation due to ram-pressure. Using the escape velocity from the host, we find that the ρ CGM of the hosts need to be 3.5 × 10
−5 -5.3 × 10 −6 cm −3 (here we leave out NGC 4490 as its v esc < v sep , see Table A6 for CGM densities required for this system). While the halo density result is reasonable for the LMC & SMC 6 , it seems unlikely that the other pairs (see separate discussion of IC 2058 below) are moving through densities of 10 −4 -10 −5 cm −3 , since these dwarfs are > 200 kpc from their hosts in projection. From theoretical predictions, the halo densities of MW type galaxies are < 10 −5 cm −3 at radii > 200 kpc (e.g. Sommer-Larsen 2006), which is also supported observationally through studies of the Milky Way's hot halo gas (e.g. Miller & Bregman 2013) and by the COS-Halos Survey results finding declining metal surface density profiles with radius within 160 kpc of L * galaxies (Werk et al. 2013 , Werk et al. 2014 . Hence, ram pressure does not appear to be sufficient to truncate and remove gas from these systems (unless they are in fact moving at much larger velocities than assumed here).
An exception is IC 2058. If it is moving at its escape velocity through the halo material of its host, the required halo density is ∼ 5×10 −6 cm −3 , which might be plausible at the projected distance of 91 kpc from its quite massive host, NGC 1553. The high inclination of the system makes it difficult to assess whether the HI profile is indeed truncated. With higher resolution data we will be able to examine this and with deeper data we can see if trailing material is present in the opposite direction of its host.
For the NGC 4532 pair, it is possible that even though ram pressure is not the main driver of gas loss, it is shaping the gas distribution. Ram pressure is also not thought to be the main gas loss mechanism for the Magellanic System (Besla et al. 2012 ) and may be less significant than expected even for low mass dwarf systems (Emerick et al. prep) . Ram pressure by the CGM of the host may be shaping the NGC 4532/DDO137 tail after the dwarf-dwarf interaction "loosened up" (pre-processed) the gas. The densities this system is moving through could also be somewhat higher than expected at this radius due to the environment at the outskirts of the Virgo Cluster.
Another possibility is that tides from the hosts are removing gas from the dwarfs and truncating the HI profiles at their tidal radii. To investigate this, we estimate the tidal radius, r t , of our high tidal index dwarfs using equation 8.91 from Binney & Tremaine (2008) :
where m is the dark halo mass of the primary dwarf (see Table A5 ) , the pericenter distance, r p , is estimated as the current projected distance from the dwarf to the host (see Table A3 ) and M is the dark halo mass and stellar mass of the host enclosed within r p calculated using an NFW profile. We find that for all high tidal index dwarfs r t > 5.5 × R trunc (see Table A6 ). Hence, tides from the hosts likely do not have a substantial effect on removing gas from the dwarfs. The fact that we do not see a leading stream for NGC 4532 further disfavors the idea that its trailing tail is formed due to tides from its host. However, once the gas has left the dwarfs through other mechanisms, tides from the host can be stronger than the tides from the dwarfs themselves and gas might be lost to the hosts (as we found in Section 4.1).
Hence for all pairs, the process of moving gas to large radii, the formation of bridges and asymmetries are most likely due to a mutual interaction between the two dwarfs in the pair. Additionally, ram pressure from the MW appears to be truncating the HI profiles of the LMC and SMC, and for both the LMC and NGC 4532 pair, ram pressure from the massive hosts appear to be shaping their tails. Therefore, our results indicate that the CGM of this system likely extends out to distances > 200 kpc, as models predict (e.g. Joung et al. 2012 , Hummels et al. 2013 , Fumagalli et al. 2014 ). This will be observationally probed with the future CGM 2 project (Werk et al., in prep.) as they plan to map the CGM of L * galaxies out to 3 × R vir .
The Dense Bridges
Based on our definition of bridges as being continuous in HI column density and having a velocity gradient that smoothly connects one galaxy to the next, seven of our ten dwarf pairs have "true" bridges connecting the galaxies (see Figure 1 and Table A4 ). For the ones that do not have bridges, pair separations are large (> 40 kpc). Thus HI bridges appear ubiquitous in dwarf pairs, regardless of environment and thus serve as the clearest hallmark of interaction. The column density in these bridges all have N(HI) 10 20 atoms cm −2 , except for the bridge connecting NGC 4532 and DDO137, which has N(HI) ∼ 8 × 10 19 atoms cm −2 (and is probed by a larger beam). These column densities are often several orders of magnitude higher than the column density at the same radial distance from the centre of the primary in the directions that are not pointing towards the companion dwarf (see solid lines in Figures 3,  4 and 5).
Since our sample was selected specifically with the purpose of including interacting dwarf galaxy systems, it is not surprising that many of our pairs have bridges connecting the two dwarfs. However, the high HI column densities in the bridges not only hints at a recent close encounter between the pairs (e.g. Toomre & Toomre 1972 , Combes 1978 , Hibbard & Mihos 1995 , Barnes & Hernquist 1998 , Gao et al. 2003 , Besla et al. 2010 , Besla et al. 2012 ), but it also introduces a compelling case for why star formation should occur in the bridges connecting interacting galaxies and not in the trailing tails. Besla et al. (2012) showed that a high density bridge between the LMC and SMC can easily be reproduced from simulations of their mutual interaction. Interestingly, there is evidence for star formation in the Magellanic Bridge (e.g. Irwin et al. 1985 , Demers & Battinelli 1998 , Harris 2007 while no star formation has been observed in the Magellanic Stream.
From pure tidal theory, it is not expected that the density in the bridges should be higher than in the tails. However, the higher column densities in the bridges than in the tails can be explained from hydrodynamics (see e.g. hydro simulations in Besla et al. 2010 and observational evidence of dense HI bridges in Gao et al. 2003) , since ram-pressure acts most efficiently on low column density gas (i.e. produces low column density tails). In addition, the high density in the bridges could be explained from overlapping gas from both galaxies which could be occurring in a close encounter (this is likely the formation mechanism of the Magellanic bridge; Besla et al. 2012) .
Several other studies have found evidence for star formation in HI bridges connecting more massive interacting galaxies (e.g. de Mello et al. 2008 , Condon et al. 2002 , and evidence for star formation in bridges of pre-merger dwarf galaxies (including the NGC 4490/85 bridge) have been found in the UV (Smith et al. 2010) . Studying the bridges of dwarf pairs in the optical, UV and higher resolution HI could reveal higher column density cores that have formed in gaseous tidal features, which could provide insight to a different mechanism for star formation than in disks (e.g. Werk et al. 2010 ).
Star Formation in the Dwarfs
Gas outflows from galaxies owing to supernova feedback is a different gas removal process that could move gas out to large distances (e.g. Hopkins et al. 2014 , Arraki et al. 2014 , Pontzen & Governato 2012 , Tolstoy et al. 2009 , Clemens & Alexander 2002 . Furthermore, it has been proposed that mergers between gas rich dwarfs can trigger starbursts and potentially transform the dwarfs into gas poor systems (e.g. Bekki 2008) . Hence, it is important to assess the impact of star formation as we are investigating extended gas around dwarfs and their mutual interactions. Stierwalt et al. (2015) showed that the dwarf galaxy pairs in their sample had enhanced star formation rates when at smaller pair separations. Furthermore, they showed that the dwarf galaxies that were star bursting (Hα equivalent width: EQW > 100 Å) did not appear to be gas depleted. This agrees with the findings of Bradford et al. (2015) that the smallest gas fractions of dwarfs in isolation are f gas ∼ 0.3, indicating that star formation and stellar feedback from e.g. supernovae does not remove all gas from these systems. Interestingly, the dwarf galaxies in the Stierwalt et al. (2015) sample that were gas depleted (hence within 200 kpc of a massive host) did not show an enhancement in SF with interaction stage (Stierwalt et al., in prep.) . This indicates that once the gas is ultimately removed by the environment, interactions between dwarf galaxies do not enhance the star formation.
Motivated by gas outflows owing to supernova feedback and by the results in Stierwalt et al. (2015) , we investigate whether our paired dwarfs are outliers in terms of their SFs when compared to a larger sample of non-paired dwarfs. In particular, we compare the SFRs derived from Hα luminosities of our dwarfs (see Table A2 ) to the SFRs in Lee et al. (2009) (hereafter L09) . The L09 sample consists of 300 dwarf galaxies (both pairs and single dwarfs) within 11 Mpc of the MW in a B-band luminosity range of -11 < M B < -20. Starburst galaxies are 6% of this sample. Our SFRs were inferred from the Hα luminosities based on the following relation:
In Figure 10 we show the SFRs of our dwarf galaxies (black points) . Left: HI map of the Magellanic System (see Putman et al. (2003) for Galactic coordinates of the data) with four regions (see numerated boxes) centred on the 2MASS ellipse of the SMC. The outer column density shown in the map is N(HI) = 1.0 × 10 19 atoms cm −2 . Right: Surface density profiles of the SMC HI distribution in four different directions (see numerated regions on map). The black diamond shows the radial extent at which the SMC disk is truncated (R trunc = 4.1 kpc). The surface densities vary by several orders of magnitude in column density in the four directions due to: the presence of a dense bridge connecting the LMC and SMC (solid line, region 1), the Magellanic Stream (2), the material lagging behind the SMC disk (4) and the general direction of motion towards the MW, where the profile is truncated (3). The sensitivity of the data is limited to a column density of N(HI) = 2.0 × 10 18 atoms cm −2 .
over plotted on the L09 sample (grey points). Nine of our individual dwarf galaxies are overlapping with the L09 sample. L09 used a different relation to calculate the SFRs than Equation 7, however we re-calculated all SFRs in their sample using Equation 7. It is evident that our dwarfs are all within the scatter of the L09 sample, although a fit through our sample would yield a systematically higher SFR for a given M B , than the L09 fit (dotted line). It is important to note that in the specific B-band range of our sample, the majority of the L09 data points also fall above their fit, which is based on a range of B-band absolute magnitudes from -11 < M B < -20. Seeing an enhancement in the star formation rates will depend on the interaction history of the pairs, hence they could have had a burst of star formation previously. The fact that our pairs do not appear to have an overall enhancement in SF when compared to the other L09 data in that M B band range, supports the idea that the extended gas is due to tidal pre-processing of the gas and not due to outflows from star formation.
To investigate whether it is reasonable that our dwarf pairs do not appear to have an overall enhanced SF, we can compare the results to similar studies of more massive galaxies. Recently, found that while the majority of interacting (massive) galaxies do not have enhanced SFRs, those that do have extremely high SFRs when compared to their non-paired counterparts (see also . Patton et al. (2013) found that the strongest enhancements for massive galaxies were seen at small separations: < 20 kpc, which is in agreement with the results of Scudder et al. (2012) and Davies et al. (2016) , who also find that galaxy interactions trigger enhanced star formation.
Whether dwarf galaxies are also more extremely elevated in their SFRs at separations < 20 kpc is unclear, as Stierwalt et al. (2015) did not look into pair separation bins smaller than 50 kpc. There are four dwarf pairs in our sample that have pair separations < 20 kpc for which we have SFRs (the LMC pair, the NGC 4618 pair, the NGC 4490 pair and the NGC 672 pair, Table A1 ). While their Hα derived SFRs are within the scatter of the L09 sample (see indicate that they have triggered star bursts (indeed L09 found that NGC 4449 and NGC 4485 are starbursts as their EQWs exceeded the logarithmic mean of their dwarf sample by 2σ). However, there are no signs that the four pairs with the smallest pair separations in our sample have systematically elevated SFRs compared to the other dwarf pairs. Hence, so far our findings do not agree with the results for more massive galaxies, but given the small sample size the SFRs of our dwarfs could be consistent with the type of enhancement seen for massive galaxies (e.g. Patton et al. 2013 ).
CONCLUSION
In this paper we have investigated HI synthesis maps of a local sample of interacting dwarf galaxy pairs (the LV-TNT sample) and have considered the importance of environment and dwarf-dwarf interactions in removing and shaping the gas. We note that our sample consists of only 10 pairs and that our conclusions can be strengthened with future HI observations of interacting dwarf pairs.
Our results and conclusions are summarized as follows:
1. Dwarf galaxy pairs residing in the proximity of a massive host galaxy (Θ > 1.5) are affected morphologically by their environment, when compared to dwarf galaxy pairs interacting in isolation. Their surface density profiles are highly asymmetric indicating both tidal interactions with each other (bridges) and interactions with the halos of the massive hosts (extended tails in the directions of their host). In contrast, dwarf galaxy pairs with Θ < 1.5 primarily have variations in their surface density profiles in the direction towards their companion, where dense bridges are present.
2. The majority of dwarf galaxy pairs have a large amount of gas in their outskirts (> 50% of their total gas mass is beyond their 2MASS stellar extents) and they appear to have extended dense gas envelopes when compared to non-paired dwarf irregulars. This implies that dwarf-dwarf interactions move gas to the outskirts of these galaxies.
3. The gas remains bound to the systems from tidal interactions between the dwarfs alone. As such, this gas will be reaccreted by the system, providing fuel for future star formation.
4. Two of the three Θ > 1.5 pairs (in the vicinity of a massive host galaxy) have long, trailing tails. We find that the gas in these tails is unbound and likely lost from the pairs to the massive host halos. This combined with point 3. above indicates that the environment is what ultimately quenches low mass galaxies, by preventing the gas from returning to these systems. This supports the conclusions from Stierwalt et al. (2015) and Bradford et al. (2015) .
5. For the pairs in the vicinity of a massive host, ram pressure stripping alone is found to be insufficient to remove gas from the pairs. Pre-processing via dwarf-dwarf interactions is key to enabling this gas supply channel to the CGM if they eventually fall into the halos of more massive galaxies. For the LMC and NGC 4532 pairs, ram pressure stripping appears to be shaping the gas once it leaves the pairs.
6. Seven of our ten dwarf pairs have dense bridges connecting them. The bridge column densities are higher than in other regions in the outskirts of the systems, potentially explaining why SF can be ongoing in the bridge and not in the other extended structures (e.g. as observed in the LMC/SMC and NGC4490/85 bridges). Such high column density tidal structures require close passages between the two pairs to form.
7. The star formation rates of our sample are within the scatter of the Lee et al. (2009) sample of nearby dwarf irregular galaxies, hence our dwarf pairs do not have substantially elevated star formation rates. This supports that the extended structures we find are from tidal interactions and not from outflows.
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APPENDIX A: DWARF GALAXY PAIRS IN OUR SAMPLE
In this appendix, we describe each dwarf galaxy pair in our sample. The pairs are listed in order of decreasing tidal index, Θ. See Table  A1 and A2 for details on the physical properties of each pair, and Table A4 and Figure 1 for details on all HI observations. Using Eq. 4, Eq. 5 and the line of sight velocity separation of each pair listed in Table A1 , we find that each secondary dwarf is bound to its primary dwarf (i.e. v sep < v escape ).
A1 LMC, SMC
As described in Section 1, the evidence for an ongoing interaction between the LMC and SMC is the extended HI distribution surrounding the pair (e.g. Putman et al. 2003 which is the data set used in this study). The Magellanic Clouds are currently ∼ 23 kpc apart (11 kpc projected) and 50 kpc from the Milky Way disk. Their currently measured stellar mass ratio is (M *LMC /M *SMC ) ∼ 10 (van der Marel et al. 2002 . As of yet, stellar components to the gaseous streams have not been found, and therefore the interaction is revealed only by the gaseous extensions (although Belokurov & Koposov (2016) recently found an over density of Blue Horizontal Branch stars approximately aligned with the proper motions of the clouds). The Magellanic System has an HI mass > 10 9 M and an extended ionized gas mass of the same magnitude Fox et al. 2014) .
The origin of the extended gaseous features has remained ambiguous since their discovery (Mathewson et al. 1974 ). Many models have invoked primarily tidal or ram pressure forces from the Milky Way halo to create the gaseous features (Gardiner & Noguchi 1996 , Connors et al. 2006 , Mastropietro et al. 2005 , Diaz & Bekki 2011 ; others create the gas streams primarily through the interaction of the Clouds themselves (Besla et al. 2010 , Besla et al. 2012 , while including the tidal influence of the MW. The Clouds possess a well studied bridge that has a smooth velocity gradient of 50 km s −1 (Nidever et al. 2010) , which is evidence for a mutual interaction between the two dwarfs. The bridge is known to be an ongoing site of star formation (SF) (e.g. Irwin et al. 1985 , Demers & Battinelli 1998 , Harris 2007 .
The Magellanic Clouds are important members of our Local Volume sample, as they are in a high tidal index environment (Θ = 3.7) owing to their proximity to the MW. Table A4) 7 . Kilborn et al. (2005) studied the system using single dish observations from the Parkes Telescope and concluded that it is a part of the NGC 1566 group (the projected distance to NGC 1566 is 350 kpc). The two dwarf galaxies, IC 2058 and PGC 75125, are separated from each other by only 9.5 kpc in projection, and a small HI bridge is connecting them (see Figure 1) . The bridge connecting the two galaxies is a strong indicator of an ongoing tidal interaction (e.g. Toomre & Toomre 1972) . Additionally, the line of sight velocity separation of the two dwarfs is only ∼ 10 km s −1 , and their stellar mass ratio is quite high (∼ 11, similar to the Magellanic Clouds). Hence, it is likely that the two galaxies are in fact interacting.
Hα imaging of the system (available on NED) suggests a potential ram pressure stripping of the smaller companion, as both edges of the disk seem to be warped in the same direction away from the larger galaxy. However, due to the small angular size of PGC 75125, this can not be confirmed with the HI map.
A3 NGC 4532, DDO 137
NGC 4532 and DDO 137 are defined as Magellanic class dwarf galaxies and are interacting, as evident from their large common HI envelope and HI tail that extends for 200-500 kpc Hoffman et al. 1992 ). These galaxies have elevated star formation rates and a disturbed central kinematic structure (Koopmann & Kenney 2004; Hoffman et al. 1999) . The two galaxies are separated in projection by 48 kpc, their velocity separation is only v sep ∼ 27 km s −1 , and they have a similar stellar mass: (M *NGC 4532 /M *DDO137 ) = 1.4. The system is located in the outskirts of the Virgo Cluster 13.8 Mpc from the MW (Tully et al. 2009 ), and it is located ∼ 240 kpc away from NGC 4570 in projection, which has M * > 4 × 10 10 M . This results in a tidal index of Θ = 1.5, which places the pair in our high tidal index group (see Table A3 ). However, if the NGC 4532 pair is farther from the MW than 13.8 Mpc (as suggested by e.g. Willick et al. 1997) , the pair would be in the intermediate tidal index group (see Table A3 ) and could be less affected by its host than assumed throughout the rest of the paper.
The large trailing tail (see Figure 1 ) could be an indication 7 The data were uniformly weighed with a spectral resolution of 20 km s −1 and pixel size of 19 /pixel. of ram pressure stripping by the more massive NGC 4570. Due to the fortunate alignment of a bright background quasar with the NGC 4532/DDO137 tail, the Hubble Space Telescope Cosmic Origin Spectrograph (HST-COS) was used to probe the metallicity and ionization conditions of the tail (HST Proposal ID: 13383). However, little or no absorption was detected at the velocity of the system despite going through the HI tail. This little or non-detection could indicate that there is no ionized gas present in the trailing tail of the system. In contrast, we know that the Magellanic Stream has a large amount of ionized gas (see Fox et al. 2014) . The fact that NGC 4532/DDO 137 is located much farther from its host than the Magellanic System is from the MW, might explain why its tail is not ionized (see Section 4.2 for more details).
A4 NGC 4618, NGC 4625
The NGC 4618 and NGC 4625 dwarf galaxy pair is an example of two Magellanic spirals that have adjoining HI distributions (see Figure 1 ). The pair is located 7.9 Mpc from the MW and are only separated by 9.2 kpc in projection and have a v sep = 77 km s −1 . They reside in the vicinity of the more massive galaxy, Messier 94, which is ∼ 240 kpc away from the pair, yielding a tidal index of Θ = 1.4 (i.e. much lower than the MW's influence on the Magellanic System (MS)). The morphology of the HI distribution around NGC 4618 reveals a ring-structure (∼10% of total HI mass), which could indicate recent tidal interactions. However, Kaczmarek & Wilcots (2012) argued that it is not clear that this is due to close proximity of NGC 4625. In fact, they conclude that the two Magellanic spirals are not interacting. This was also argued by Bush & Wilcots (2004) , who pointed out that the degree of asymmetry in both galaxies is indistinguishable from the expected asymmetry in lopsided galaxies. From the maps presented in van der the HI column density appears continuous between the two galaxies. However, Kaczmarek & Wilcots (2012) pointed out that the interface where the two disks overlap are separated by 50 km s −1 in velocity (i.e. a non-smooth velocity gradient), and that it therefore unlikely that this is a true gas bridge (see their Figure 13 ).
However, due to the disturbed velocity field of NGC 4618 (see Bush & Wilcots 2004 ) and the fact that the two galaxies are in close proximity of one another in both velocity and position space, with overlapping HI disks, we include them in our sample. We note that the kinematics and HI distribution of NGC 4625 are surprisingly regular, and we consider this system as a potential non-interacting dwarf pair in the rest of the paper.
A5 NGC 4490, NGC 4485
The NGC 4490 and NGC 4485 pair is an example of a well studied, nearby Magellanic System analog. The two dwarfs are surrounded by one of the most extended known HI envelopes (∼ 50 kpc), and they are connected by a dense HI bridge, which is continuous in its HI column density and has a smooth velocity gradient , and see Figure 4 ). The dwarfs are separated by only ∼ 7.5 kpc, and their v sep = 72 km s −1 . Their interaction is also evident from the disturbed stellar morphology of NGC 4490 (warped disk), and from the fact that NGC 4485 is experiencing a starburst (Lee et al. 2009 ). While Clemens et al. 1998 argue that the envelope is formed from outflows, Elmegreen et al. (1998) argued that both NGC 4490 and NGC 4485 have stellar tidal tails associated with their disks, which strengthens the argument for a tidal origin of the HI envelope.
The closest massive galaxy to the dwarf system is NGC 4369 (M * = 2.6 × 10 10 M ), which is located ∼ 310 kpc from the pair in projection (although v sep > 400 km s −1 for the pair and host). It has been discussed whether the extended envelope is of tidal origin or due to ram pressure. However, as NGC 4369 is ∼ 10 times less massive than the Milky Way and as the dwarf pair system is quite far from the more massive galaxy, a ram pressure stripping scenario seems unlikely (see Section 4.2). The pair is therefore a nice analog to the Magellanic System prior to infall, as it has an extended, more symmetric HI distribution surrounding the pair.
In this paper we adopt the distance of. 7.14 Mpc to the pair (Theureau et al. 2007) , while e.g. Karachentsev et al. (2013) found a distance of 5.8 Mpc to the pair. Adopting a different distance would yield slightly different stellar masses, physical pair separations and inferred physical extents of the galaxies which will not affect our conclusions of this paper (see how these parameters scale with distance in Table A1 and A2). Using the distance found in Karachentsev et al. (2013) , the estimated projected distance to the host would be 256 kpc. However this would not change the tidal index group that we use for this pair throughout the paper (see Table  A3 ).
A6 ESO 435-IG16, ESO 435-IG20
Observations of ESO 435-IG16 & ESO 435-IG20 were taken with ATCA in 2002 . The two dwarfs are located 11.6 Mpc from the Milky Way and are at a large separation from each other (∼ 100 kpc). Despite the separation, evidence of an interaction or ongoing gas removal between the two galaxies is seen in the eastern extension of ESO 435-IG16 and in the tail of ESO 435-IG20 (see Figure 1) . Their stellar mass ratios are 1:10, and they are only separated by 9 km s −1 in line of sight velocities. The pair is located ∼ 860 kpc from a more massive host (NGC 2997), which is ∼ 2 times farther than the R 200 of the host. The pair is also located ∼ 220 kpc in projection from another dwarf (NGC 3056) which is on the West (right) side of the pair. Interestingly, the HI distributions seem more extended to the opposite direction of the location of NGC 3056, however it is unlikely that dense halo material of this dwarf extends out to 220 kpc (Bordoloi et al. 2014) , which is beyond R 200 of NGC 3056. HIPASS observations of the system (which reach a column density of N(HI) ∼ 10 18 cm −2 ), show that the two dwarfs are covered by a large envelope of neutral gas surrounding both galaxies .
A7 NGC 3448, UGC6016
The NGC3448 and UGC6016 pair is a part of the M81 group of galaxies and is located 24.7 Mpc from the MW. The closest galaxy more massive than 5 ×10 9 M is located within a projected distance of ∼ 1050 kpc from the pair (NGC 3310), yielding a tidal index of Θ < 0. Hence, we classify this pair as being isolated. Both a leading and trailing stellar tail of NGC 3448 have been observed with multiple telescopes (first published in the ARP catalog 1966). The two dwarf galaxies are separated by ∼ 30 kpc and are rotating with opposite spin. Their line of sight velocities are separated by 143 km s −1 . Models of their interactions indicate that this is a retrograde encounter (hence the rotation of UGC6016 is opposite to that of the orbit of the encounter between the two galaxies). Toomre & Toomre (1972) showed that a retrograde encounter between galaxies will not lead to a dramatic distortion in the kinematics (see also D' Onghia et al. 2009 ). This explains the relatively undisturbed, regular stellar dynamics of UGC 6016 as discussed by Noreau & Kronberg (1986) . Noreau & Kronberg (1986) showed that the perturbed HI morphology of NGC 3448, could be satisfactorily reproduced through a tidal interaction scenario between the two galaxies. Bertola et al. (1984) studied this system in detail using optical, UV and radio observations. They also conclude that a tidal interaction can explain the morphology of the gas distribution surrounding the pair, which is overlapping (the peak of the HI emission is centred on NGC 3448, and the other peak appears to be offset from the optical centre of UGC 6016) with a smooth velocity gradient between the pairs.
A8 UGC 9562, UGC 9560
Compelling evidence that the dwarf galaxies UGC 9562 and UGC 9560 are interacting was presented by Balkowski et al. (1978) and Cox et al. (2001) , who showed that there is a gaseous bridge connecting the two galaxies (M HI = 2.8 ×10 8 M ). The bridge is continuous in HI column density between the two pairs, and the velocity gradient is smooth (see Cox et al. 2001 for velocity map and higher resolution HI data). The system is located 25.5 Mpc from the Milky Way and the two pairs are at a projected separation of ∼ 33 kpc and a line of sight velocity separation of 112 km s −1 . In addition to the gaseous bridge connecting the two dwarfs, Cox et al. (2001) found evidence of a polar ring around UGC 9562 with Hα line emission, which could be a remnant of a recent interaction. The two galaxies are located more than 1.5 Mpc from any massive galaxy, hence they are evolving in isolation.
A9 NGC 0672, IC 1727
NGC 672 and IC 1727 are two dwarf spiral galaxies, that are connected through a massive HI bridge (see Figure 1) . The bridge is continuous in HI column density, and the velocity gradient in the bridge connecting the two galaxies is smooth (see WHISP velocity maps: van der . They are located 7.9 Mpc from the MW and their optical centres are separated only by 19 kpc. The galaxy pair is evolving in isolation, as the nearest, more massive galaxy is > 1.5 Mpc away. Combes et al. (1980) argued that a gravitational interactions between the two galaxies is taking place, based on the offset in HI centres compared to the galaxies optical centres, and from the bridge of gas connecting them. Subsequently, Ramirez-Ballinas & Hidalgo-Gámez (2014) found that the interstellar medium of IC 1727 is very perturbed, which could be a sign of recent interaction. Furthermore, the WHISP map ) and the more recent HALOGAS map (Heald et al. 2011) of the system shows a tidal arm trailing behind NGC 672, which also suggests an ongoing tidal interaction.
A10 NGC 4449, DDO 125 (and halostream)
NGC 4449 is unusual since it has two counter rotating gas systems (Hunter et al. 1998 ) and has a large tidal or spiral feature surrounding its optical disk. DDO 125 is located ∼ 40 kpc from the centre of NGC 4449 with a velocity separation of only 10 km s −1 . The two galaxies are both located approximately 4 Mpc from the Milky Way, and there is no bridge connecting the two galaxies, though an extension in HI is seen in the direction of DDO 125 from the NGC 4449 HI distribution. DDO 125 does not seem tidally disturbed in HI nor in its stellar component, however its M HI /L B is low, indicating that it could have lost a substantial amount of gas in an encounter with NGC 4449. Karachentsev et al. (2007) noticed an elongated stream candidate near NGC 4449, and recently Martínez-Delgado et al. (2012) presented deep, wide-field optical imaging of the faint stellar stream (NGC 4449B) 10 kpc southeast of NGC 4449, which has a stellar mass of only ∼5 × 10 7 M . Additionally, Rich et al. (2012) pointed out the "s"-shape of the stream, which is characteristic of an ongoing tidal disruption. This stellar stream provides an alternative explanation for the complex HI structure of NGC 4449 (which includes rings, shells and a counter-rotating core). The present day mass ratios of NGC 4449 to DDO125 and NGC 4449 to NGC 4449B are 15 and 80, respectively. There is no massive host galaxy in the vicinity of the pair, which is therefore evolving in isolation. a The projected distances to the hosts are calculated based on the angular separation between the primary dwarf and the host galaxy at the distance of the primary (see Table A1 ), after applying the velocity cuts (v sep < 500 km s −1 and D project < 1.5 Mpc (except for the LMC/SMC where we used the average distance to the MW from the two galaxies). b The dark matter halo masses are estimated using the Moster et al. (2013) abundance matching Eq. 2. c Θ is the tidal index as defined in Equation 2. The pairs are sorted in order of decreasing Θ. d Velocity separation of primary and host: ∆v = c ×|z1 − z2|/(1 + (z1 + z2)/2). 
